Abstract: Leaf area index (LAI) and fraction of photosynthetically active radiation (FPAR) absorbed by vegetation are key variables in many global models of climate, hydrology, biogeochemistry, and ecology. These parameters are being operationally produced from Terra and Aqua MODIS bidirectional reflectance factor (BRF) data. The MODIS science team has developed, and plans to release, a new version of the BRF product using the multi-angle implementation of atmospheric correction (MAIAC) algorithm from Terra and Aqua MODIS observations. This paper presents analyses of LAI and FPAR retrievals generated with the MODIS LAI/FPAR operational algorithm using Terra MAIAC BRF data. Direct application of the operational algorithm to MAIAC BRF resulted in an underestimation of the MODIS Collection 6 (C6) LAI standard product by up to 10%. The difference was attributed to the disagreement between MAIAC and MODIS BRFs over the vegetation by −2% to +8% in the red spectral band, suggesting different accuracies in the BRF products. The operational LAI/FPAR algorithm was adjusted for uncertainties in the MAIAC BRF data. Its performance evaluated on a limited set of MAIAC BRF data from North and South America suggests an increase in spatial coverage of the best quality, high-precision LAI retrievals of up to 10%. Overall MAIAC LAI and FPAR are consistent with the standard C6 MODIS LAI/FPAR. The increase in spatial coverage of the best quality LAI retrievals resulted in a better agreement of MAIAC LAI with field data compared to the C6 LAI product, with the RMSE decreasing from 0.80 LAI units (C6) down to 0.67 (MAIAC) and the R 2 increasing from 0.69 to 0.80. The slope (intercept) of the satellite-derived vs. field-measured LAI regression line has changed from 0.89 (0.39) to 0.97 (0.25).
Introduction
The MODerate Resolution Imaging Spectroradiometer (MODIS) is a key instrument onboard NASA's Earth Observing System (EOS) Terra and Aqua satellites, which were launched in December 1999 and May 2002, respectively [1] . The MODIS standard products include leaf area index (LAI) and
MODIS Biome Classification Map
A biome classification map is an important input for the LAI/FPAR retrieval algorithm. It reduces the number of unknowns of the inverse problem through the use of simplifying assumptions (e.g., leaf normal orientation) and standard constants (e.g., leaf albedo, patterns of ground reflectance) that are assumed to vary with the biome [13] [14] [15] . The biome map utilized in the Collection 6 (C6) MODIS LAI/FPAR algorithm is used in our study [2, 3] . It stratifies the global vegetation into eight architectural types, or biomes: grasses/cereal crops (Biome 1), shrubs (Biome 2), broadleaf crops (Biome 3), savannas (Biome 4), evergreen broadleaf forests (Biome 5), deciduous broadleaf forests (Biome 6), evergreen needleleaf forests (Biome 7), and deciduous needleleaf forests (Biome 8).
MAIAC and MOD09GA BRF
Daily Terra MAIAC BRF [11] and standard C6 MODIS BRF, called MOD09GA [18] , products used in this study are at 500-m sinusoidal grids. The globe is tiled into 36 horizontal tiles along the east-west, and 18 vertical tiles along the north-south axes [19] . Each tile is identified by its horizontal (h) and vertical (v) coordinates, e.g., h10v05. Both products provide sun-sensor geometry. In addition, QA variables accompanying the products provide information about the overall retrieval quality and observation conditions. The MAIAC retrieval approach combines a new set of algorithms, which utilizes the radiative transfer theory and spatiotemporal imagery processing techniques to retrieve aerosols and correct observations for atmosphere effects. This technique improves the accuracy and stability of the surface spectral BRF over regions with thick clouds, snow, and water, e.g., over tropical regions [9] [10] [11] . In the tropics, for example, the MAIAC algorithm generates a more accurate, less conservative cloud mask, which increases the number of clear-sky scenes by a factor of about 2-5, compared to MOD09GA [20] [21] [22] .
Our analysis is focused on seven tiles from North and South America acquired during the year 2002 that represent eight biome types recognized by the operational algorithm and contain validation sites for which field data on LAI and FPAR are available. The tiles are h10v05, h11v04, h11v10, h12v03, h12v04, h12v09, and h13v11.
MODIS C6 LAI/FPAR Product
The Terra MODIS C6 8-day composited LAI/FPAR (MOD15A2H) from the seven selected tiles (Section 2.3) are used as a reference dataset. C6 LAI/FPAR product at 500-m spatial resolution and 8-day temporal frequency was generated from C6 MOD09GA surface reflectance. It represents the latest version and contains the entire time series from February 2000 to the present [2, [13] [14] [15] . The C6 LAI/FPAR product is comprehensively evaluated and validated, which gives high confidence on its accuracy and consistency with other existing LAI/FPAR products [2, 3] . The standard product is composed from an intermediate daily LAI/FPAR product by selecting the best values from retrievals generated during the 8-day compositing periods [2, 23] . The daily retrievals in the seven selected tiles are also used in our study.
Validation Sites
Field data of LAI is publicly available from the Calibration Validation Portal (CalValPortal) On-Line Interactive Validation Exercise (OLIVE) are used in this study [24] . This website provides a collection of sites (called DIRECT) for which ground measurements have been collected and processed according to the Committee of Earth Observing Satellites (CEOS) Land Product Validation (LPV) subgroup guidelines [25, 26] . These site-specific LAIs are available as spatially-averaged values over 3 km × 3 km reference maps. A summary of the sites used in this study is given in Table S1 .
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Methods
The goal of this section is to calibrate the operational MODIS LAI/FPAR algorithm for use with MAIAC data. We begin with analyses of the difference between MOD09GA and MAIAC BRFs. To understand the impact of uncertainties on retrievals we apply the operational algorithm to the MAIAC BRF without any adjustments and compare the retrievals with the C6 LAI product. Finally, we calibrate the algorithm using information on uncertainties in the MAIAC data.
Analysis of MAIAC BRF and MOD09GA
We analyzed the MAIAC and MOD09GA daily BRFs in the red and NIR spectral bands over the selected tiles (Section 2.3) acquired during the compositing period between 4 and 11 July 2002 (day of year (DOY) between 185 and 192). We grouped the BRFs into pixels with "good quality" if both MAIAC and MOD09GA QA flags met the criteria shown in Table 1 . The "good quality" data excludes contamination by cloud, high aerosol content, presence of cirrus, snow, and fire. Its percentage for different biome types varied between 18.76% and 43.67% ( Table 2 ). The remaining pixel BRFs in the selected regions were retrieved under poorer observation conditions according to the QA flags. These pixels were flagged as pixels with "poor quality" BRFs. They comprised 3.05% to 10.32% of the total number of biome-dependent observations (Table 2 ) and consisted mainly of pixels for which the MAIAC QA flag passed the "good quality" test, whereas MOD09GA QA indicated cloud contamination and/or high aerosol content. This is consistent with results reported in [20, 22] . The reminder mainly includes pixels for which the MAIAC atmospheric correction algorithm returned a fill value (Table 2) , i.e., the BRF cannot be retrieved according to the algorithm logic. The MOD09GA operational algorithm, however, generates a BRF value and associated QA flags in this case. Therefore, the users should consult QA flags when using MOD09GA data. Our analyses were performed separately for subsets of good-and poor-quality pixels.
On average, the MAIAC BRF retrieval algorithm produced higher reflectance values in the red spectral band for the subset of good-quality pixels compared to its MOD09GA counterpart. The difference varies between −2% (Biome 5) and +8% (Biome 3) in this example (Table 3) . Some previous studies reported that MOD09 red BRF is slightly underestimated with respect to in situ measurements [27, 28] . The BRFs differ insignificantly in the NIR spectral band, with the relative difference between −0.6% and 1.3% (Table S2) . Both products exhibit similar spatial variations within biome types in the red and NIR spectral bands. The MOD09GA red BRF is significantly higher than the MAIAC reflectance for pixels with poor quality data, with the difference varying between −48% (Biome 2) and −0.4% (Biome 4) ( Table 3 ). An increase in the difference is also seen in the NIR spectral band (Table S2) .
The observed increase in the product difference for pixels with poor quality data is due to the significant increase in the MOD09GA BRF. Indeed, the mean BRF in the red spectral band retrieved by the MOD09GA algorithm under poor observation conditions biased expected values by −96% (Biome 2) to −15% (Biome 3 and 5). The MOD09GA BRF in the NIR spectral band exhibits a similar tendency, although the magnitude of changes is reduced.
The MAIAC retrieval algorithm is less sensitive to the observation conditions: the difference between mean BRFs retrieved under good and poor observation conditions varies between −18% (Biome 4) and +9% (Biome 3) in the red, and between −12% (Biome 4) and +2% (Biomes 7) in the NIR spectral band. This is a consequence of the MAIAC atmosphere correction approach [11] . Indeed, the algorithm performs an analysis of 4-to 16-day time series of at-sensor radiance collected over fixed-sized areas (blocks). Assuming that the surface remains stable or changes slowly over the measurement period of 4 to 16 days, the variation in radiance registered by the sensor is due to variation in atmospheric conditions. Analyses of temporal and spatial variations improve the accuracy of cloud detection, aerosol retrievals and, consequently, atmospheric correction with minimal conceptual limitations. In the case of rapid or large magnitude changes, the MAIAC assumes a stable BRDF shape, but a variable magnitude of total reflectance. The MAIAC algorithm is more expensive Remote Sens. 2017, 9, 370 5 of 17 than its MOD09GA counterpart in terms of the computer resources required to process the time series and retrieve the surface BRF for a given block.
The MOD09GA retrieval approach uses a pixel-by-pixel technique, i.e., the algorithm derives the surface reflectance in Lambertian approximation from a single record of the spectral at-sensor radiance. Unlike the MAIAC approach that aims to extract information about the surface and atmosphere directly from the time series and spatial analyses of the sensor records, the MOD09GA algorithm uses a number of assumptions to compensate for the poor information content of a single observation. This increases the algorithm uncertainty. The MOD09GA is faster than the MAIAC algorithm. However, it is capable of generating reliable BRFs only if the algorithm assumptions are met. This lowers the spatial coverage of good quality BRFs. 
Direct Application of the Operational Algorithm to MAIAC BRF Data
We generated 8-day LAI products for the compositing period between 4 and 11 July 2002 over the selected regions (Section 2.3) with the MODIS LAI/FPAR operational algorithm using MAIAC BRF as the input. Here we focus on the MAIAC and C6 LAI over pixels with "good quality" input. However, the MAIAC LAI tends to underestimate its C6 counterpart by about 3% to 10% ( Table 4 ). Recall that the good quality BRF generated by the MAIAC and MOD09GA algorithms agree well in the NIR and disagree by −2% to +8% in the red spectral band ( Table 3 ). The higher red BRF, with an almost indistinguishable difference in the NIR BRF, caused the underestimation of the LAI product. The quality of retrievals can be influenced by the use of uncertainty information in the retrieval technique [29] . Model and observation uncertainties are inputs to the LAI operational algorithm. We use this feature to calibrate the operational LAI algorithm for MAIAC-specific uncertainties. 
Calibration of the Operational LAI/FPAR Algorithm

Observation, Model, and Stabilized Precisions
Let r 1 , r 2 , . . . , r n be the atmospherically corrected surface BRFs at n spectral bands. The surface reflectances are obtained by correcting the at-sensor radiance for atmospheric effects. The correction technique introduces errors in the surface reflectance product. The operational LAI/FPAR algorithm treats spectral BRFs as independent random variables with finite variances σ 2 k , k = 1, 2, . . . , n, and assumes that the deviations ε k = (r k − m k )/σ k follow a Gaussian distribution [29] . Here, m k is the mathematical expectation of r k , which approximates a true value. The random variable:
characterizing the proximity of atmospherically corrected data r = (r 1 , r 2 , . . . , r n ) to the expected values, m = (m 1 , m 2 , . . . , m n ) has a chi-square distribution. The inequality χ 2 σ ≤ n indicates good accuracy. We assume that the atmospheric correction algorithm provides spectral reflectance r satisfying χ 2 σ ≤ n with a probability 1 − α. Dispersions σ = (σ 1 , σ 2 , . . . , σ n ) are observation precisions, i.e., precision in the BRF product. The deviation of m from a true vector is the measurement accuracy, or bias. The uncertainty is defined as the root mean squared error (RMSE) between the estimated and true values, which depends on both accuracy and precision [30] .
The MODIS LAI operational algorithm compares measured spectral BRF, r, with those evaluated from model-based entries, r M = (r M,1 , r M,2 , . . . , r M,n ), stored in the LUT. The model-based spectral BRF also has errors, which are characterized by values Both the observation and model precisions must be taken into account when comparing measured and modeled BRFs [29] . Ignoring the model precision in the retrieval algorithm can cause a destabilization of the retrieval process. Wang et al. [29] introduced a stabilized precision, δ = (δ 1 , δ 2 , . . . , δ n ), which prevents the destabilization and minimizes the impact of model and observation precisions on LAI retrievals. The stabilized precision is a function of σ M and σ.
The main LAI algorithm uses the stabilized precision to select acceptable solutions, i.e., all canopy/soil parameters for which modeled, r M , and measured, r, spectral BRFs agree within the stabilized precisions, i.e., χ 2
The mean values of LAI/FPAR and their dispersions are reported as retrievals and their uncertainties.
Calibration Approach
The MODIS LAI operational algorithm uses BRFs at two (n = 2) spectral bands, red (band k = 1) and NIR (k = 2), to retrieve the LAI. The MAIAC observation precision is expected to be high when the surface is stable or changes slowly over the measurement period. In the case of rapid or large magnitude changes, the MAIAC assumes a stable BRDF shape, but a variable magnitude of total reflectance and, thus, its precision can be comparable to that of MOD09GA [11] . To take the worst case (rapid or large magnitude change) into account, the stabilized precision is, therefore, set to that used to generate the C6 MODIS LAI product [29, 31, 32] . Its relative values, δ k /r k , are given in Table 5 .
Our analyses (Section 3. [29, 33] that:
This equation shows that χ δ depends on how the modeled BRF differs from (a) the "true" canopy BRF and (b) the observed BRF. For example, the use of a very accurate model, i.e., m M = m T , maximizes the term χ δ [m − m M ]. This may cause a "true" LAI to be outside of the set of acceptable solutions, i.e., it does not pass the comparison test. This term vanishes if one uses a model that tends to simulate the measurements, i.e., m M = m. This, however, increases the contribution of the term χ δ [r M − m M ]. The calibration, therefore, is reduced to finding a surface reflectance model that optimally approximates the observed, m, and the true surface spectral BRF, m T .
The MODIS operational LAI algorithm is based on the radiative transfer of canopy spectral invariants, which permits an accurate decoupling of the structural and radiometric components of modeled and/or measured spectral BRF [14, [34] [35] [36] [37] . The structural component determines the BRF shape, whereas the single scattering albedo controls its magnitude and accounts for the variation in BRF with the sensor spatial resolution and spectral band composition [38] . The MAIAC and MOD09GA BRFs are derived from data acquired by the same instrument, i.e., the sensor spectral band composition and the resolution are the same. The single scattering albedo that appears in the surface BRF model is the adjustable parameter that controls Equation (2) and, consequently, the performance of the LAI/FPAR retrieval technique. The performance metrics of the MODISLAI/FPAR operational algorithm includes (1) the retrieval index (RI), (2) RMSE between a reference LAI and LAI retrieved by the main algorithm, and (3) proximity of LAI histograms obtained from the main algorithm retrievals and reference data. The retrieval index is the percentage of pixels for which the main algorithm produces a retrieval. This index characterizes the spatial coverage of the best quality, high-precision retrievals and not their accuracies. The RMSE and proximity between the main algorithm retrievals and reference data characterize the product accuracy.
The validated MODIS C6 LAI product over selected regions (Section 2.3) with good-quality pixel BRFs (Section 3.1) generated by the main algorithm during the compositing period between 4 and 11 July 2002 is used as the reference dataset. The performance metrics are a function of the single scattering albedo at red and NIR spectral bands. The calibration procedure, therefore, can be formulated as follows: find a combination of single scattering albedos at red, ω red , and NIR, ω NIR , spectral bands which (a) maximizes the RI; (b) minimizes the RMSE; and (c) minimizes disagreement between LAI histograms generated by the main algorithm retrievals and the MODIS C6 LAI product. This procedure is illustrated in Figure 1 . First, we calculated the RI and RMSE as a function of ω red and ω N IR . Second, we separated a subset of pairs (ω red , ω NIR ) for which the RI exceeds pre-set values, which were set to 95% for herbaceous biomes (B1-B4), 80% for broadleaf biomes (B5 and B6), and 90% for needleleaf biomes (B7 and B8). Finally, we selected a pair (ω red , ω NIR ) from this subset for which disagreement between LAI histograms obtained from the main algorithm retrievals and MODIS C6 LAI was minimized. Table 6 shows values of single scattering albedo at red and NIR spectral bands used in the MODIS C6 operational algorithm and adjusted for MAIAC data. These values optimally approximate the observed and true surface spectral BRF. Figure 2a shows an example of model-based LUT entries used in the MODIS C6 operational algorithm and adjusted for the MAIAC data. For a given LAI and soil pattern the MAIAC LUT generates slightly higher BRF values at red spectral bands compared to that for MOD09GA data. The main algorithm accumulates acceptable solutions, i.e., all canopy/soil parameters for which observed spectral BRF, r, agree with LUT entries, r M , within the stabilized precisions, i.e., Figure 2b shows the distribution of LAI per unit in the NIR vs the red spectral plane. The retrieval domain is a set of points on the spectral plane for which the model-based main algorithm retrieves at least one acceptable solution. In the case of dense canopies, the reflectances saturate and, therefore, are weakly sensitive to changes in canopy properties. The saturated reflectances are shown as a yellow-to-red subset in the retrieval domain. The configuration of the retrieval domain is controlled by the stabilized precision and single scattering albedos at the red and NIR spectral bands. Figure S1 , which is consistent with the LAI product. retrieval domain are for broadleaf forests (Biome 6), a solar zenith angle between 22.5° to 37.5°, a view zenith angle between 0° to 8.5°, and the relative azimuth angle between 0° to 25°. 
Results and Discussion
We generated LAI and FPAR 8-day composites over the selected regions for 2002 from the MAIAC BRF using the calibrated MODIS LAI/FPAR operational algorithm. The aim of this section is to compare this dataset with the C6 LAI product. 
MAIAC and C6 LAI for 2002
Our analyses of MAIAC and C6 LAI were performed separately for subsets of good-and poor-quality pixels based on the 8-day composites. Table 7 summarizes the differences between the products for April through June, July through September, and the entirety of 2002. We also calculated annual maximum LAI as a biome-dependent spatial average of maximum pixel LAIs over the entirety of 2002. Its precision characterizes the stability of retrievals during the peak growing season when vegetated surface remains stable.
The MAIAC LAI product compares well with its C6 counterpart for the subset of good-quality pixels in the selected regions: the difference and precision between products are below 0.135 and 0.66 LAI units, respectively (Table 7) . Their values are smaller in April through June compared to those in July through September. The annual difference (precision) depends on the biome type and varies between 0.003 (0.119) and 0.063 (0.503). The annual maximum LAI for the year of 2002 ranges from 0.004 to 0.139, with precisions between 0.123 and 0.717 LAI units (Table 7) .
For the subset of poor-quality pixels, the difference and precision exhibit a wider range of variation (Table 7) . For most of the biomes and time periods, their values over poor-quality pixels are larger than those over good-quality pixels. The difference and precision reach maxima for annual maximum LAI, indicating a spurious variation in LAIs during peak growing seasons when vegetated surfaces remain stable.
Thus, the LAIs retrieved from MAIAC and MOD09GA BRF agree well over good-quality pixels. As it was shown in Section 3.1, the MAIAC retrieval technique is capable of producing reliable BRFs over pixels for which the MOD09GA algorithm detects cloud contamination and/or high aerosol content and, therefore, cannot generate high-quality BRFs. This lowers the quality of the LAI retrieved from MOD09GA in this case. The use of MAIAC BRF, therefore, increases spatial coverage of the best quality, high-precision LAI retrievals. For example, the use of MAIAC BRF in the LAI/FPAR algorithm provides up to 10% more reliable retrievals for the regions examined (Table 2 ). 
Comparison with Field Data
We compared the MAIAC and MODIS C6 LAI with the field data. The ground truth data used in our analyses are from the publicly available CalValPortal OLIVE archive (Section 2.5 and Table S1 ), which provides site-specific LAIs as spatially-averaged values over 3 km × 3 km reference maps. Some data represent effective values of LAI, i.e., LAI measured by optical instruments, e.g., LAI-2000 Plant Canopy Analyzer, not all of them were corrected for clumping effects. The effective LAI may significantly underestimate true values in coniferous forests [39, 40] . We use effective LAI of non-coniferous forest in our analyses.
We follow the technique developed for validation of the MODIS C6 LAI product with CalValPortal OLIVE data [3] , which can be summarized as follows: Each site contains about 36 (~6 × 6) MODIS C6 and MAIAC LAI pixels. First, we extracted 8-day composites, which include the date of the ground measurements and excludes water pixels. Second, we selected validation sites that contained more than 50% main algorithm retrievals within a 3 km × 3 km site area and the information entropy of the site biome type was below 1. The entropy is an indicator of the impact of biome mixture within a 3 km × 3 km site area on LAI retrieval. Its values for our validation sites, documented in [3] , were used in our analyses. There were 25 sites satisfying these conditions (Table 1) . Finally, we compared the mean values of satellite-derived LAI over a 3 km × 3 km area with their ground-measured counterparts. A better performance of the LAI algorithm with MAIAC BRF can be explained by a better stability of the MAIAC data. Indeed, in our analyses we used only those pixels for which both MAIAC and MOD09GA BRFs were available. This set includes pixels with good and poor quality data. The latter group consists mainly of pixels for which the MAIAC QA flag passed the "good quality" test, whereas MOD09GA QA indicated cloud contamination and/or high aerosol content. As it was shown in Section 3.1, the MAIAC BRF is more accurate and stable in this set, hence, a better overall performance of the LAI/FPAR algorithm.
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We follow the technique developed for validation of the MODIS C6 LAI product with CalValPortal OLIVE data [3] , which can be summarized as follows: Each site contains about 36 (~6 × 6) MODIS C6 and MAIAC LAI pixels. First, we extracted 8-day composites, which include the date of the ground measurements and excludes water pixels. Second, we selected validation sites that contained more than 50% main algorithm retrievals within a 3 km × 3 km site area and the information entropy of the site biome type was below 1. The entropy is an indicator of the impact of biome mixture within a 3 km × 3 km site area on LAI retrieval. Its values for our validation sites, documented in [3] , were used in our analyses. There were 25 sites satisfying these conditions (Table 1) . Finally, we compared the mean values of satellite-derived LAI over a 3 km × 3 km area with their ground-measured counterparts. A better performance of the LAI algorithm with MAIAC BRF can be explained by a better stability of the MAIAC data. Indeed, in our analyses we used only those pixels for which both MAIAC and MOD09GA BRFs were available. This set includes pixels with good and poor quality data. The latter group consists mainly of pixels for which the MAIAC QA flag passed the "good quality" test, whereas MOD09GA QA indicated cloud contamination and/or high aerosol content. As it was shown in Section 3.1, the MAIAC BRF is more accurate and stable in this set, hence, a better overall performance of the LAI/FPAR algorithm. Figure 6 shows the distribution of the LAI/FPAR algorithm path's QA flag (Section 2.1) for MOD09GA and MAIAC input BRFs over good quality pixels in the selected regions for the year 2002. The RI exceeds 94% in both cases, not surprisingly, because the same procedure was applied to calibrate the LAI algorithm for MOD09GA and MAIAC BRF, which aims to maximize the RI. Figure 6a shows the RI as a function of biome type. The probability to retrieve the highest quality LAI (QA = "main algorithm without saturation") is higher than 94% for all biomes except broadleaf forests (Biome 5 and 6). Broadleaf forests represent dense canopies. The majority of LAIs are retrieved under the condition of saturation and, therefore, have moderate quality (QA = "main algorithm with saturation"). This is clearly seen in the case of South America's tropic evergreen broadleaf forests (Biome 5), which show weak seasonal LAI variations (Figure 4 ). The LAI of North America's deciduous broadleaf forests (Biome 6) exhibit strong seasonality (Figure 4) . This lowers the frequency of LAIs retrieved under saturation conditions. Figure 6b shows the seasonal variation of RI for all eight biomes in 2002. The main algorithm outputs the best quality retrievals, in the case of low LAI, and moderate quality, when LAI is high, as expected. Figure 6 shows the distribution of the LAI/FPAR algorithm path's QA flag (Section 2.1) for MOD09GA and MAIAC input BRFs over good quality pixels in the selected regions for the year 2002. The RI exceeds 94% in both cases, not surprisingly, because the same procedure was applied to calibrate the LAI algorithm for MOD09GA and MAIAC BRF, which aims to maximize the RI. Figure 6a shows the RI as a function of biome type. The probability to retrieve the highest quality LAI (QA = "main algorithm without saturation") is higher than 94% for all biomes except broadleaf forests (Biome 5 and 6). Broadleaf forests represent dense canopies. The majority of LAIs are retrieved under the condition of saturation and, therefore, have moderate quality (QA = "main algorithm with saturation"). This is clearly seen in the case of South America's tropic evergreen broadleaf forests (Biome 5), which show weak seasonal LAI variations (Figure 4 ). The LAI of North America's deciduous broadleaf forests (Biome 6) exhibit strong seasonality (Figure 4) . This lowers the frequency of LAIs retrieved under saturation conditions. Figure 6b shows the seasonal variation of RI for all eight biomes in 2002. The main algorithm outputs the best quality retrievals, in the case of low LAI, and moderate quality, when LAI is high, as expected. 
Seasonal LAI and FPAR Patterns Derived from MAIAC BRF
Algorithm Retrieval Index
Conclusions
The purpose of our study has been to evaluate the performance of the operational LAI/FPAR algorithm with MAIAC BRF data. Both the standard MOD09GA and MAIAC BRFs are derived from data acquired by the same instrument. However, different techniques were implemented to correct in-orbit data for atmosphere and other environmental effects. If MAIAC and standard BRF products were of the same quality, LAIs derived from the MAIAC BRF should compare well with the standard MODIS LAI product. Direct application of the LAI/FPAR operational algorithm to MAIAC data, however, resulted in an underestimation of the C6 LAI product. Both MAIAC and C6 LAIs are likely to agree well with ground truth data. However, their uncertainties are different. Model and observation uncertainties are input into the LAI/FPAR operational algorithm. Therefore, the use of incorrect uncertainty information when processing the MAIAC BRF data led to the deviation of the retrievals from the standard LAI product. The operational LAI/FPAR algorithm was calibrated for uncertainties in the MAIAC BRF product. Its performance was evaluated on a limited set of MAIAC BRF data from North and South America, and suggests increased spatial coverage of best quality, high-precision LAI retrievals of up to 10%. The MAIAC LAI and FPAR show consistent values with their C6 counterparts, and properly capture the seasonality in different biomes. The MAIAC LAI shows better agreement with the field data compared to the C6 LAI product with an RMSE decreasing from 0.80 LAI units (C6) down to 0.69 (MAIAC) and the R 2 increasing from 0.67 to 0.80. The slope (intercept) of the satellite-derived versus field measured LAI regression line has changed from 0.89 (0.69) to 0.97 (0.25). This is the consequence of a better quality of the MAIAC BRF, which is the input for the LAI/FPAR retrieval technique. Further evaluation of the LAI/FPAR retrievals with an emphasis on FPAR will be conducted when the MAIAC BRF is globally available for the entire MODIS period.
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